Abstract-A nonequilibrium equation of state is investigated using the hydrodynamic approach to the description of heavy ion collisions at intermediate energies. The stages of compression, expansion, and the freeze out of the hot spot formed in the collisions are considered. The calculated energy spectra of the pro tons produced in the heavy ion collisions are compared to experimental data.
INTRODUCTION
Hydrodynamic equations are very effective in describing the interaction dynamics of complex sys tems and can be used in a wide range of energies of col liding heavy ions, from tens of MeV per nucleon to rel ativistic and ultrarelativistic energies. These equations are actually local laws of mass, momentum, and energy conservation. To turn them into a closed sys tem of equations, an equation of state (EOS) defined in any way must be used. As a rule, an equilibrium EOS that assumes a local thermodynamic equilibrium is established in the system is used. We have shown, how ever, that a local thermodynamic equilibrium is not established immediately in heavy ion collisions. In particular, the nonequilibrium component of the dis tribution function leading to formation of a collision less shock wave is of importance at the compression stage [1] [2] [3] [4] .
In this work, we use a kinetic equation to construct a nonequilibrium EOS for the distribution function, allowing us to move from the collision dynamics of low energy heavy ions to intermediate energy dynamics. By considering the stages of compression, expansion, and freeze out of the hot spot formed in the heavy ion collisions, we calculate double differen tial cross sections for emission of protons, which are then compared to experimental data.
NONEQUILIBRIUM EQUATION OF STATE
To obtain hydrodynamic equations and the corre sponding EOS for describing heavy ion collisions in developing the approach used in [4], we find initial moments with weights 1, , and p 2 for the kinetic equation
( 1) where is the nucleon distribution function; is the spatial coordinate; is the momentum; t is the time; m is the nucleon mass; is the Planck constant; is the single particle self consistent potential depending on density ρ; and τ is the time required for relaxation to the state of local thermodynamic equilibrium described by the equilib rium distribution function As a result, we obtain hydrodynamic type equa tions (2 )
( ( 2 ) ) 0 For the system of Eqs. (2)- (4) to be closed, the form of the distribution function must be specified. We define this function which ulti mately determines the EOS, as (6) Here is defined in the momentum space in the form of a Fermi ellipsoid, which is a convenient parameterization of excitations in the theory of a Fermi liquid; is represented in the momen tum space by an equilibrium Fermi sphere; and q is the relaxation factor ( ), where is the time of relaxation onset and τ is the dura tion of relaxation, assumed here to be independent of time t and defined in the form given in [5] for the sake of clarity (see also [4] ).
Since time is not known in advance, we seek relaxation factor q using an additional equation derived by taking the moment for kinetic equation (1) with weight which determines the degree of anisotropy of the distribution function It is assumed that the line of colliding heavy ion impact coincides with the direction of the p 1 axis in the momentum space. This additional equation has the form
For the distribution function defined in the momentum space in the form of an axially symmetric Fermi ellipsoid stretching in the direction of the 
where is the deviation of function from the step function corresponding to at T 1 = 0.
For distribution function defined in form (6), pressure tensor reduced to the principal axes and energy density e in (2)- (4) Here the pressure tensor turns out to be diagonal: Function in expression (14) for thermal term I is the deviation of the equilibrium dis tribution function from the step function cor responding to temperature T = 0. Density ρ, momen tum density , and kinetic energy density ( ) are retained during relaxation, so Eqs. (2)-(4) have no right hand sides, and temper ature is expressed in terms of temperature T.
As a result, we have the closed system of Eqs. (2)-(4) for finding density ρ, velocity relaxation factor q, and temperatures T and (7). In addition, we have expressions (8)-(16) for the pressure tensor and energy density, which include interaction terms P int and e int determined from (5). These equations allow us to find distribution function defined by expression (6) with relaxation factor q in the range , so that function is most anisotropic when q = 1 and completely isotropic when q = 0. 
